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(54) Compounded power MOSFET 

(57) Provided is a compounded power MOSFET 
which has a high positive and negative withstand volt- 
ages for the drain terminal relative to the source terminal, 
and can be formed on a single chip based on the con- 
ventional fabrication process of power MOSFETs. 

Power MOSFETs 10 and 1 1 have their drains con- 
nected together, the MOSFET 1 0 has its source and gate 
used for the source terminal 0 and gate terminal 1, 
respectively, of the compounded power MOSFET 60, 
and the MOSFET 1 1 has its source used for the drain 
terminal 2. The compounded power MOSFET includes 

FIG.1 



a voltage comparator 50 which drives the MOSFET 1 1 
to turn off when the terminal 2 has a negative voltage, 
and a voltage transmitter 5 1 which is connected between 
the terminal 1 and the gate of the MOSFET 1 1 to block 
a current flowing from the terminal 2 to the terminal 1 by 
way of the circuit 50 and transfer the voltage of the ter- 
minal 1 to the gate of the MOSFET 1 1 . The positive with- 
stand voltage is provided by the MOSFET 10, and the 
negative withstand voltage is provided by the MOSFET 
11. 
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0 : Source terminal 

I : Gate terminal 
2 : Drain terminal 
10 : Power MOSFET 

II : Power MOSFET 
50 : Voltage comparator 
51 : Voltage transmitter 
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Description 

Background of the Invention 

The present invention relates to a compounded 
power MOSFET, and particularly to a compounded 
power MOSFET having a negative gate protection circuit 
for providing a negative drain withstand voltage. 

Power MOSFETs are used widely for power switch- 
ing devices because of their properties of small power 
loss, high withstand voltage and free from secondary 
breakdown. However, power MOSFETs have a draw- 
back of the lack of a negative drain withstand voltage due 
to the presence of a parasitic diode between the drain 
and source. As a count ermeasure against this drawback, 
as disclosed in Japanese patent publication JP-A-Sho- 
55-9444, the source is isolated from the substrate area 
for channel formation (will be termed "body" hereinafter) 
and the potential of body is externally controlled to be 
equal to the potential of source or drain based on the 
relation of potential of the drain and source. 

However, the above-mentioned prior art has a prob- 
lem of insufficient reduction of the on-state resistance of 
the power MOSFET as a result of the preclusion of the 
miniaturization of device due to the structure isolating the 
source and body. It also involves the need of external 
control of the body voltage depending on the source and 
drain potentials. 

Summary of the Invention 

Accordingly, an object of the present invention is to 
provide a compounded power MOSFET having a nega- 
tive gate protection circuit, wherein the MOSFET does 
not preclude the miniaturization of device for reducing 
the on-state resistance and yet is capable of having a 
negative drain withstand voltage without the need of 
external control of the body voltage depending on the 
source and drain potentials. Another object of the inven- 
tion is to provide a one-chip semiconductor device of a 
compounded power MOSFET having a negative gate 
protection circuit, and a battery drive system with reverse 
battery protection function using the compounded power 
MOSFET. 

In order to achieve the above objectives, the com- 
pounded power MOSFET based on this invention com- 
prises a first MOSFET and a second MOSFET, i.e., 
power MOSFETs 10 and 1 1 in Fig.1, with the drains of 
the MOSFETs being connected together, with the source 
of the first MOSFET being used for the source terminal 
0, with the source of the second MOSFET being used 
for the drain terminal 2, and with the gate of the first MOS- 
FET being used for the gate terminal 1 , wherein the com- 
pounded power MOSFET is characterized to include 
means of negative voltagedrive, i.e., voltage comparator 
50, which turns off the second MOSFET during the 
period when the voltage of the drain terminal is negative 
relative to the voltage of the source terminal, and means 
of input voltage transmission, i.e., voltage transmitter 51 , 
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which blocks a current flowing from the drain terminal to 
the gate terminal by way of the negative voltage drive 
means and turns on the second MOSFET in response 
to the input voltage signal applied to the gate terminal. 

s In this compounded power MOSFET, the negative 
voltage drive means is preferably formed of detection 
means for detecting that the voltage of the drain terminal 
is negative relative to the voltage of the source terminal 
and a third MOSFET, i.e., MOSFET 12, which drives the 

to second MOSFET to turn off in response to the output of 
the detection means. 

The detection means is formed of a series circuit of 
afirst and second resistors, i.e., resistors 1 5 and 1 6, con- 
nected between the drain terminal 2 and the drain of the 

15 second MOSFET, with the node of the first and second 
resistors being connected to the gate of the third MOS- 
FET, as shown in Fig.2. 

Alternatively, the detection means may be formed of 
a circuit arrangement in which the resistor 15 of Fig.2 is 

20 removed and the gate of the third MOSFET is connected 
through a resistor 16 as shown in Fig.3 or connected 
directly to the drain of the second MOSFET. 

Alternatively, the detection means may be formed of 
a first and second series circuits, each of which is a serial 

25 connection of a resistor and at least one diode, i.e., afirst 
series circuit of a resistor 22 and diodes 20 connected 
in series and a second series circuit of a resistor 23 and 
diodes 21 connected in series, with the first and second 
series circuits being connected in series between the 

30 drain terminal 2 and the source terminal 0, and with the 
node of the first and second series circuits being con- 
nected to the gate of the third MOSFET, as shown in 
Fig.5. The resistors of the first and second series circuits 
may have their resistance values set to zero, i.e., short- 

35 circuited. 

The input voltage transmission means is preferably 
formed of a series circuit which includes a resistor, i.e., 
resistor 13 in Fig.2, and at least one diode, i.e., four 
series diodes 13 in Fig.2, for blocking a current flowing 

40 from the drain terminal to the gate terminal 1 by way of 
the negative voltagedrive means, i.e., the parasitic diode 
of the MOSFET 12, with the series circuit being con- 
nected between the gate terminal 1 and the gate of the 
second MOSFET 

45 Alternatively, input voltage transmission means may 
be formed of a resistor, i.e., resistor 14, connected 
between the gate terminal 1 and the gate of the second 
MOSFET and at least one diode, i.e., diode 13, con- 
nected between the resistor and the drain of the third 

so MOSFET for blocking a current flowing from the drain 
terminal 2 to the gate terminal 1 by way of the negative 
voltage drive means, as shown in Fig.4. 

The negative voltage drive means may be formed of 
detection means for detecting that the voltage of the 

55 drain terminal 2 is negative relative to the voltage of the 
source terminal 0 and a first switch means which drives 
the second MOSFET to turn off in response to the output 
of the detection means. In this case, the detection means 
is preferably formed of a first and second series circuits, 
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each of which is a serial connection of a resistor and at 
least one diode, i.e., a first series circuit of a resistor 22 
and diodes 20 connected in series and a second series 
circuit of a resistor 23 and diodes 21 connected in series, 
with the first and second series circuits being connected 5 
in series between the drain terminal 2 and the source 
terminal 0, and with the node of the first and second 
series circuits being connected to the gate of the first 
switch means, as shown in Fig.6. The resistors of thef irst 
and second series circuits may have their resistance val- 
ues set to zero, i.e., short-circuited. 

The first switch means is formed of a fourth and fifth 
MOSFETs, i.e., MOSFETs 12a and 12b, having their 
sources connected together, with the drain of the fourth 
MOSFET being connected to the gate of the second 
MOSFET, with the drain of the fifth MOSFET being con- 
nected to the drain terminal 2, and with the gates of the 
fourth and fifth MOSFETs being connected to the detec- 
tion means, i.e., connected to the node of the series cir- 
cuit of the resistor 22 and diodes 20 and the series circuit 
of the resistor 23 and diodes 21 , as shown in Fig.6. 

Preferably, there is further included a second switch 
means, i.e., switch circuit SW& which operates to turn 
on in response to the application of a positive voltage to 
the drain terminal 2 thereby to turn off the first switch 
means, i.e., switch circuit SW1, as shown in Fig.6. In this 
case, the second switch means is connected between 
the drain and gate of the fourth MOSFET and is made 
up of a sixth and seventh MOSFETs, i.e., MOSFETs 23a 
and 23b, having their sources connected together and 
their gates connected together and connected to the 
drain terminal 2. 

Preferably, the compounded power MOSFET has 
the threshold value of the second MOSFET set lower 
than the threshold value of the first MOSFET. 

The compounded power MOSFET may have the 
drain-to-source withstand voltage of the second MOS- 
FET set lower than the drain-to-source withstand voltage 
of the first MOSFET so that the on-state resistance per 
unit area of the second MOSFET is smaller than the on- 
state resistance per unit area of the first MOSFET. 

The first, second and third MOSFETs may be pro- 
vided with gate protection diodes, i.e., diodes 1 7, 18 and 
19, respectively, connected between their gate and 
source. 

At least one diode, i.e., series diodes 171, may be 
connected between the gate terminal 1 and the source 
terminal 0 for clamping a falling voltage of the gate ter- 
minal 1 in case a negative voltage is applied to the drain 
terminal 2, as shown in Fig.7. 

Any one of the above-mentioned compounded 
power MOSFETs may be provided with an overheat pro- 
tection circuit which comprises a temperature detection 
device for sensing the temperature of the first MOSFET 
and a circuit for detecting that the sensed temperature 
has reached a prescribed value, i.e., temperature com- 
parator 55 including series diodes 30 used for the tem- 
perature detection, and a circuit for limiting the drain 
current of the first MOSFET, i.e., voltage transmitter 54 
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for limiting the gate voltage of the power MOSFET 10, 
upon detecting that the temperature has reached the 
prescribed value, as shown in Fig. 9. In addition, it may 
be provided with an overcurrent protection circuit which 
comprises a current detection circuit, i.e., current com- 
parator 56, for detecting the drain current of the first 
MOSFET and a circuit, i.e., voltage transmitter 54, for 
limiting the gate voltage of the first MOSFET so that the 
drain current does not exceed a prescribed current. In 
addition, it may be provided with an overvoltage protec- 
tion circuit, i.e., voltage comparator 53, which turns on 
the first MOSFET if the voltage of the drain terminal 2 
reaches a prescribed voltage so that the drain terminal 
voltage does not exceed the prescribed voltage. 

The first and second MOSFETs are preferably 
formed of vertical MOSFETs which share a drain sub- 
strate, i.e., low-resistance n-type silicon semiconductor 
substrate 100, as shown in Fig. 10. 

The above-mentioned diodes and resistors can be 
formed of polycrystalline silicon layers and formed on the 
same semiconductor chip as the MOSFETs. In addition, 
an n-type diffusion layer 103, which is deeper than the 
p-type diffusion layer 108 for the body of the first MOS- 
FET, may be formed between the first MOSFET and the 
second MOSFET. Alternatively, an n-type diffusion layer 
111, which is shallower than the p-type diffusion layer 
108 for the body of the first MOSFET, and a field plate 
having its potential set equal to that of the shallow n-type 
diffusion layer 111 may be formed between the first 
MOSFET and the second MOSFET, as shown in Fig. 13. 
In addition, the impurity concentration of the drain region 
beneath the second MOSFET can be made higher than 
the impurity concentration of the drain region beneath 
the first MOSFET, i.e., a high-density n-type buried layer 
102 or n-type well diffusion layer that is higher in density 
than the n-type epitaxial layer 101 can be formed, as 
shown in Fig.11. 

The above-mentioned temperature detection device 
is preferably formed on the active region which is adja- 
cent to the pad 1007 for the source terminal of the first 
MOSFET, as shown in Fig. 14. 

The above-mentioned current detection circuit may 
be formed on the same semiconductor chip. 

A pad 1007 for the source terminal can be formed 
on the active region 1 004 of the first MOSFET, and a pad 
1008 for the drain terminal can be formed on the active 
region 1 005 of the second MOSFET, as shown in Fig. 1 4. 

A semiconductor chip 1000, on which any of the 
above-mentioned compounded power MOSFETs is 
formed, is preferably accommodated in a package hav- 
ing a lead line 1 003 for the gate terminal on a side of the 
semiconductor chip different from the side of the semi- 
conductor chip where lead lines 1001 and 1002 for the 
source terminal and drain terminal are disposed adja- 
cently, as shown in Fig. 14. In this case, it is more prefer- 
able for the package to have a metallic layer 1014 for 
short-circuiting the drains of the first and second MOS- 
FETs. A package, with its metallic layer 1014 being con- 
nected to the heat sink fin 1015, may be used. 
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Any of the above-mentioned compounded power 
MOSFETs can be used to build a battery drive system 
with reverse battery protection function by connecting a 
gate drive circuit 81 to the gate terminal 1 of the com- 
pounded power MOSFET and connecting a battery 82 5 
and a load 84 between the drain terminal 2 and source 
terminal 0, as shown in Fig. 15 and Fig. 16. 

According to the compounded power MOSFET 
based on this invention, the first and second MOSFETs 
have their drains connected together, the first MOSFET 
has its source used for the source terminal of the com- 
pounded power MOSFET and the second MOSFET has 
its source used for the drain terminal of the compounded 
power MOSFET, and accordingly diodes incorporated in 
the two MOSFETs are connected between the respec- 
tive drains and sources in the opposite polarity relation 
with each other. Consequently, based on the following 
arrangement and proper control, the inventive com- 
pounded power MOSFET can have a positive and neg- 
ative withstand voltages between the drain terminal and 
source terminal. Specifically, the gate of the first MOS- 
FET is newly assigned to the gate terminal of the com- 
pounded power MOSFET, a means of input voltage 
transmission is provided between the gate terminal and 
the gate of the second MOSFET, and a means of nega- 
tive voltage drive, which receives the voltage between 
the drain terminal and source terminal or the voltage 
between the drain terminal and the drain of the first MOS- 
FET and delivers the output to the gate of the second 
MOSFET, is provided. 

When a positive voltage is applied to the drain ter- 
minal of this compounded power MOSFET and a voltage 
higher than the threshold value is applied to the gate ter- 
minal, the first MOSFET turns on and the second MOS- 
FET also turns on by way of the input voltage 
transmission means, causing the compounded power 
MOSFET to turn on normally. When the potential of the 
gate terminal is brought to zero volt, the first MOSFET 
located on the source terminal side is cut off even though 
a positive voltage is applied to the drain terminal, and the 
compounded power MOSFET is also cut off. At this time, 
the input voltage transmission means operates to block 
a current flowing from the drain terminal to the gate ter- 
minal by way of the negative voltage drive means. 

On the other hand, when a negative voltage is 
applied to the drain terminal of the compounded power 
MOSFET, a current flows through the parasitic diode 
between the drain and body of the first MOSFET The 
negative voltage drive means, which detects a negative 
voltage produced by this current, drives to shutdown the 
gate of the second MOSFET located on the drain termi- 
nal side of the compounded power MOSFET. Accord- 
ingly, in the case of a negative voltage application to the 
drain terminal, the second MOSFET blocks the current 
between the drain terminal and source terminal, causing 
the compounded power MOSFET to enter the blocking 
state, and therefore it has a negative withstand voltage. 

The negative voltage drive means is formed of a 
detection means including a series circuit of a first and 



second resistors, and a third MOSFET which drives the 
second MOSFET to turn off in response to the output of 
the detection means. The detection means operates to 
apply a voltage on the source terminal by way of the par- 
asitic diode of the first MOSFET or a voltage produced 
by a current flowing through the parasitic diode of the 
first MOSFET to the gate of the third MOSFET when the 
drain terminal becomes negative relative to the source 
terminal thereby to turn on the third MOSFET. The third 
MOSFET, which is turned on by the application voltage 
of the detection means, operates to make the gate-to- 
source potential of the second MOSFET lower than the 
threshold value, thereby turning off the second MOSFET. 

The first switch means consisting of the fourth and 
fifth MOSFETs has its voltage, at which the fifth MOS- 
FET turns off, set by the first and second series circuits 
when a positive voltage relative to the source terminal 
voltage is being applied to the drain terminal. Turning off 
the fifth MOSFET of the first switch means enables the 
enhancement of the withstand voltage and the reduction 
of a leak current between the drain terminal and gate ter- 
minal of the compounded power MOSFET. 

Furthermore, the second switch means, which turns 
on when a positive voltage is being applied to the drain 
terminal, can surely turn off the first switch means even 
if the potential between the drain terminal and source ter- 
minal is unstable, thereby preventing the malfunction of 
the first switch means. 

By setting the threshold value of the second MOS- 
FET lower than the threshold value of the first MOSFET, 
it is possible for the gate voltage of the second MOSFET, 
which is supplied from the gate terminal by way of the 
input voltage transmission means, even though it hap- 
pens to effectively drop, to drive the second MOSFET 
sufficiently, and accordingly the on-state resistance of 
the compounded power MOSFET can be reduced. 

The gate protection diodes provided between the 
gate and source of the first, second and third MOSFETs 
protect the gate oxide film from being damaged, thereby 
enhancing the reliability. 

The diode for clamping the gate terminal voltage 
against falling limits the voltage fall of the gate terminal 
at a prescribed voltage when a negative voltage is 
applied to the drain terminal, and accordingly the break- 
age of the gate drive circuit which is connected to the 
gate terminal can be prevented. 

The overheat protection circuit and overcurrent pro- 
tection circuit operate to detect the temperature and cur- 
rent of the first MOSFET and limit the gate voltage of the 
first MOSFET so that the prescribed temperature and 
current are not exceeded. The overvoltage protection cir- 
cuit operates to monitor the drain terminal voltage during 
the off-state of the compounded power MOSFET and 
turn on the compounded power MOSFET to lower the 
drain terminal voltage if the voltage applied to the drain 
exceeds the prescribed voltage. 

By using double-diffused vertical power MOSFETs 
for the first and second MOSFETs and using a low-resist- 
ance silicon semiconductor substrate for the common 
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drain substrate, it becomes possible to eliminate the wir- 
ing between the drains of the first and second MOSFETs. 

By using double-diffused vertical power MOSFETs 
for the first and second MOSFETs, using lateral MOS- 
FETs for the third MOSFET and other controlling MOS- 
FETs and using polycrystalline silicon elements for 
diodes and resistors, a one-chip compounded power 
MOSFET can be accomplished based on the conven- 
tional power MOSFET fabricating process. Furthermore, 
a deep n-type diffusion layer formed between the first 
MOSFET and second MOSFET precludes the parasitic 
pnp transistor action and parasitic thyristor action emerg- 
ing between the p-type body region of the first MOSFET 
and the p-type body region of the second MOSFET As 
a result, it is possible to prevent the degradation of with- 
stand voltage and the delay caused by the accumulation 
of minority carrier between the drain and source of the 
compounded power MOSFET. 

By making the low-density drain region beneath the 
second MOSFET higher in concentration than the low- 
density drain region beneath the f irst MOSFET, it is pos- 
sible to reduce the on-state resistance without deterio- 
rating the withstand voltage of the compounded power 
MOSFET 

By forming the temperature detection device of the 
overheat protection circuit on the active region adjacent 
to the pad for the source terminal of the first MOSFET 
so that the temperature detection device is located closer 
to the position of the highest temperature of the com- 
pounded power MOSFET in the event of short-circuiting 
of the load, the sensitivity of detection is improved and 
the reliability can be enhanced. 

By forming the pad for the source terminal and the 
pad for the drain terminal on the active regions of the first 
MOSFET and second MOSFET, respectively, it is possi- 
ble to eliminate the need of dedicated pad areas that do 
not have the transistor action and use the semiconductor 
areas beneath the pads effectively for the transistor 
action area, and accordingly the on-state resistance can 
be reduced or the chip area can be reduced. 

By extending the gate terminal lead line of the pack- 
age to run along one side of the chip, it is possible to 
increase the thickness of the bonding wires of the source 
and drain terminals in packaging the semiconductor chip 
of the compounded power MOSFET, and to reduce the 
length of them, and it is also possible to facilitate the 
multi-wire bonding. 

By placing the semiconductor chip of the com- 
pounded power MOSFET on a conductive metallic layer 
at packaging, it is possible to reduce the parasitic resist- 
ance between the drains of the first and second MOS- 
FETs and also reduce the on-state resistance of each 
MOSFET due to a uniform drain current distribution. Fur- 
thermore, by connecting the metallic layer to the heat 
sink fin, it is possible to reduce the thermal resistance of 
the package. 

When a battery drive system is constructed by use 
of any of the above-mentioned compounded power 
MOSFETs with negative gate protection function, it is 



possible to readily realize a battery drive system with 
reverse battery protection function without sacrificing the 
on-state resistance. 



5 Brief Description of Drawings 

Fig.1 is a block diagram showing the first embodi- 
ment of the compounded power MOSFET of this 
invention; 

w Hg.2 is a schematic diagram showing the second 
embodiment of the compounded power MOSFET of 
this invention; 

Fig.3 is a schematic diagram showing the third 
embodiment of the compounded power MOSFET of 
is this invention; 

Fig.4 is a schematic diagram showing the fourth 
embodiment of the compounded power MOSFET of 
this invention; 

Fig.5 is a schematic diagram showing the fifth 
20 embodiment of the compounded power MOSFET of 
this invention; 

Fig.6 is a schematic diagram showing the sixth 
embodiment of the compounded power MOSFET of 
this invention; 

25 Fig.7 is a schematic diagram showing the seventh 
embodiment of the compounded power MOSFET of 
this invention; 

Fig. 8 is a block diagram showing the eighth embod- 
iment of the compounded power MOSFET of this 
30 invention; 

Fig.9 is a schematic diagram showing the ninth 
embodiment of the compounded power MOSFET of 
this invention; 

Fig. 10 is a cross-sectional diagram showing an 
35 embodiment of the structure of the major elements 
which constitute the compounded power MOSFET 
of this invention; 

Fig.1 1 is a cross-sectional diagram showing another 
embodiment of the structure of the major elements 
40 which constitute the compounded power MOSFET 
of this invention; 

Fig. 12 is a cross-sectional diagram showing still 
another embodiment of the structure of the major 
elements which constitute the compounded power 

45 MOSFET of this invention ; 

Fig. 13 is a cross-sectional diagram showing still 
another embodiment of the structure of the major 
elements which constitute the compounded power 
MOSFET of this invention; 

so Fig. 14 is a plan view showing an embodiment of the 
packaging of the semiconductor chip on which the 
compounded power MOSFET of this invention is 
formed; 

Fig.1 5 is a block diagram showing an embodiment 
55 of the battery drive system with reverse battery pro- 
tection function configured by use of the com- 
pounded power MOSFET of this invention; and 
Fig. 16 is a block diagram showing another embodi- 
ment of the battery drive system with reverse battery 
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protection function configured by use of the com- 
pounded power MOSFET of this invention. 

Detailed Description of the Invention 

Some preferred embodiments of the compounded 
power MOSFET based on this invention will be explained 
in detail with reference to the drawings. 

<Embodiment 1) 

Fig.1 is a block circuit diagram showing an embodi- 
ment of the compounded power MOSFET based on this 
invention. In Fig. 1 , reference symbol 60 denotes a com- 
pounded power MOSFET having a negative gate protec- 
tion circuit, and the compounded power MOSFET 60 
includes two power MOSFETs 1 0 and 1 1 , a voltage com- 
parator 50 and a voltage transmitter 51 . The power MOS- 
FETs 10 and 1 1 have their drains connected together, 
the power MOSFET 1 0 has its source and gate used for 
the source terminal 0 and gate terminal 1 , respectively, 
of the compounded power MOSFET 60, and the power 
MOSFET 1 1 has its source used for the drain terminal 2 
of the compounded power MOSFET 60. The voltage 
comparator 50 has its inverting input terminal connected 
to point a on the line between the drains of the power 
MOSFETs 10 and 11 or to point b on the line to the 
source terminal 0, has its non-inverting input terminal 
connected to the drain terminal 2, and has its output con- 
nected to the gate of the power MOSFET 1 1 . The power 
MOSFET 10 has a very low on-state resistance of sev- 
eral tens milliohms, resulting in a small voltage drop, 
while in the off -state in which a reverse voltage is applied 
between the drain and source, it has as small potential 
difference as the forward voltage drop across the para- 
sitic diode, and therefore the voltage comparator 50 vir- 
tually measures the potential of the source terminal 0 
even though the inverting input terminal is connected to 
point a. The voltage transmitter 51 has its input con- 
nected to the gate terminal 1 and its output connected 
to the gate of the power MOSFET 1 1 . The power MOS- 
FETs 10 and 11 have their sources connected to their 
own bodies. 

The compounded power MOSFET 60 arranged as 
described above operates as follows. With the com- 
pounded power MOSFET 60 having zero volt on the gate 
terminal 1 , the power MOSFET 10 is in the off-state, and 
the circuit between the drain terminal 2 and source ter- 
minal 0 is open. At this time, the voltage transmitter 51 
operates to block or limit a leak current flowing from the 
drain terminal 2 to the gate terminal 1 by way of the volt- 
age comparator 50. When the gate terminal 1 receives 
a high potential, the power MOSFET 10 turns on. At this 
time, the power MOSFET 1 1 also receives a high gate 
voltage by way of the voltage transmitter 51 and turns 
on, and consequently the compounded power MOSFET 
60 enters the on-state. When the drain terminal 2 has a 
negative potential, i.e., when the voltage of the drain ter- 
minal 2 becomes lower than the voltage of the source 



terminal 0, the voltage comparator 50 drives the power 
MOSFET 1 1 to turn off. Accordingly, also in the case of 
the drain terminal 2 having a negative potential, a current 
flowing from the source terminal 0 to the drain terminal 
5 2 is blocked by the power MOSFET 1 1, and the com- 
pounded power MOSFET 60 has a drain withstand volt- 
age. Increasing the voltage between the drain terminal 
2 and source terminal 0 in the positive direction results 
in an increasing output of the voltage comparator 50 
w always in the positive direction. 

In the conventional case of using the power MOS- 
FET 10 alone, a fall of the drain voltage by about 5 V or 
more relative to the source voltage will cause an exces- 
sive current to flow due to the presence of a parasitic 
is diode between the drain and body, resulting in the over- 
heat-causing breakage, whereas the compounded 
power MOSFET of this embodiment of invention is capa- 
ble of preventing the overcurrent-causing breakage 
based on the ensured withstand voltage against a neg- 
ro ative voltage. Although the compounded power MOS- 
FET of this embodiment has a higher on-state resistance 
due to the use of two usual power MOSFETs, it operates 
as a power MOSFET with negative gate protection func- 
tion, by which it does not break even rf a negative voltage 
25 is applied to the drain as mentioned above. The power 
MOSFETs do not have the source-body isolation, which 
is the case of the prior art device mentioned previously, 
enabling the miniaturization of the power MOSFET cells, 
and the reduction of chip size and the reduction of on- 
30 state resistance can be achieved easier than the case of 
the source-body isolation of the prior art. 

(Embodiment 2) 

35 Fig.2 is a circuit diagram showing another embodi- 
ment of the compounded power MOSFET based on this 
invention. In Fig.2, portions identical to those of the first 
embodiment shown in Fig.1 will be referred to by the 
same reference symbols in the following explanation. 

40 In Fig.2, a compounded power MOSFET 61 includes 
power MOSFETs 10 and 11 having a drain withstand 
voltage of 60 V and an on-state resistance of 50 ma (the 
drain withstand voltage may be 30 V for the power MOS- 
FET 1 1), and a MOSFET 12 has a drain withstand volt- 

45 age of 20 V. The power MOSFETs 1 0 and 1 1 have their 
drains connected together, the power MOSFET 10 has 
its source and gate used for the source terminal 0 and 
gate terminal 1 , respectively, of the compounded power 
MOSFET 61 , and the power MOSFET 1 1 has its source 

so used for the drain terminal 2 of the compounded power 
MOSFET 61 . This embodiment is a specific example of 
the circuit arrangement of the case where the inverting 
input terminal of the voltage comparator 50 is connected 
to point a in the circuit arrangement of Fig.1 . 

55 The MOSFET 12 has its source connected to the 
drain terminal 2, and its drain connected to the gate of 
the power MOSFET 1 1 and also connected to the gate 
terminal 1 by way of a series circuit of series diodes 13 
and a resistor 14 of 2 k£l The MOSFET 12 has its gate 
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connected to the drain terminal 2 by way of a resistor 1 5 
of 10 kft and also connected to the drain of the power 
MOSFET 1 1 by way of a resistor 1 6 of 5 kQ. If the para- 
sitic resistance of the series diode 13 is large enough to 
be comparable to the resistor 14 in terms of the forward 
current characteristic, the resistor 1 4 may be eliminated. 

The power MOSFETs 10 and 11 and MOSFET 12 
are provided with protection diodes 17, 18 and 19, 
respectively, connected between their gate and source. 
These diodes have a withstand voltage of ±20 V. In this 
embodiment, the series diodes 13 are series-connected 
four diodes each having a withstand voltage of 10 V. 
These diodes can be replaced with a single diode having 
a withstand voltage of e.g., 40 V The MOSFETs 10,1 1 
and 1 2 have their sources connected to their own bodies. 
The MOSFET 12 and resistors 15 and 16 constitute a 
voltage comparator 50, and the series diodes 13 and 
resistor 1 4 constitute a voltage transmitter 51 . The oper- 
ation of the compounded power MOSFET 61 arranged 
as described above will be explained in the following. 

When a positive voltage (e.g., 10 V) is applied to the 
gate terminal 1, both power MOSFETs 10 and 11 turn 
on, and the compounded power MOSFET 61 has an on- 
state resistance of 1 00 mQ. At this time, the power MOS- 
FET 10 has a low on-state resistance of 50 mQ and 
therefore its drain voltage is low. The power MOSFET 1 1 
has its drain-to-source voltage divided by the resistors 
1 5 and 1 6 and then applied to the gate of the MOSFET 
12. However, the MOSFET 12 is off as the power MOS- 
FET 1 1 also has a low on-state resistance of 50 m£l Con- 
sequently, a leak current from the gate terminal 1 to the 
drain terminal 2 is blocked. Accordingly, when the power 
MOSFETs 10 and 1 1 are on, the MOSFET 12 is in the 
off-state automatically without the application of an 
external signal. 

With the gate terminal 1 being brought to zero volt, 
the power MOSFET 10 turns off, and the drain terminal 
2 and source terminal 0 are non-conductive even if the 
drain terminal 2 is at a high potential. The compounded 
power MOSFET 61 of this embodiment has its positive 
drain withstand voltage determined from the drain with- 
stand voltage of the power MOSFET 10, and it is 60 V. 
However, the diode 13 will break down when the drain 
terminal voltage V DD becomes higher than the withstand 
voltage BV 13 (40 V) of the series diodes 13, and a leak 
current which is expressed by the following formula flows 
from the drain terminal 2 to the gate terminal 1 . The resis- 
tors 14,15 and 16 have their resistance values denoted 
by Rq, and R 2 in the formula. 

( V DD- BV i3- v n 2 ) /R o^ 10mA 0) 

where V f12 is the forward voltage drop of the diode 
between the drain and body of the MOSFET 12. The 
expression (1) reveals that in case the withstand voltage 
of the series diodes 13 is lower than the drain withstand 
voltage of the power MOSFET 10, a leak current from 
the drain terminal 2 to the gate terminal 1 can be reduced 
by choosing the resistance value Rq of the resistor 14 



appropriately. By connecting the series diodes 13 
between the gate terminal 1 and the drain of the MOS- 
FET 12, there is obtained a withstand voltage, which is 
at least comparable to the withstand voltage of the series 

5 diodes 1 3, between the drain terminal and gate terminal 
of the compounded power MOSFET 61 . 

In case the voltage V DD of the drain terminal 2 
becomes negative, a current expressed by the following 
formula flows from the source terminal 0 to the drain ter- 

10 minal 2 by way of the the drain-body diode of the power 
MOSFET 10 (having a forward voltage drop V f10 ) and 
resistors 15 and 16. 

(• V DD" v noV( R i +R 2) s2mA (2) 

15 

The current of the expression (2) flowing through 
the resistor 15 produces a voltage, by which the MOS- 
FET 12 turns on automatically without the application of 
an external signal, causing the power MOSFET 1 1 to 

20 turn off. The compounded power MOSFET 61 of this 
embodiment has its negative drain withstand voltage 
determined from the gate-source withstand voltage of 
the MOSFET 1 2. For the above specific example, where 
the gate-source protection diode 19 of the MOSFET 12 

25 has a withstand voltage of -20 V, the negative drain with- 
stand voltage is its multiplication with (Ri+RJ/Ri (= 1 .5) 
to become -30 V. A current which is expressed approxi- 
mately by the following formula flows from the gate ter- 
minal 1 to the drain terminal 2 by way of the resistor 14. 

30 

(Vqs-Vdd-Vj^^Ro+Ron^) (3) 

where Roni2 is ^ e on-state resistance of the MOSFET 
1 2. Based on the expression (3), the current flowing from 

35 the gate terminal 1 to the drain terminal 2 has an upper 
limit of about 15 mA when the voltage Vqs between the 
gate terminal 1 and source terminal 0 is 0 V, or it is about 
25 mA when the V GS is 20 V. Accordingly, the device 
does not break due to overheating even in the presence 

40 of an application voltage up to -30 V on the drain terminal 
2. Namely, the compounded power MOSFET 61 of this 
embodiment attains a positive drain withstand voltage of 
60 V and a negative drain withstand voltage of -30 V. The 
basis of the above calculation, in which the negative 

45 drain voltage is assumed to be lower than about half the 
positive drain voltage, is that no high voltage is applied 
between the drain and source of the power MOSFETs 
when the battery is erroneously connected reversely. 
The calculation result reveals the effectiveness of pre- 

so venting the breakage even in the event of the reverse 
connection of a 12 V or 24 V battery between the drain 
and source of the compounded power MOSFET 61 . The 
expression (3) reveals that the resistor 14 has the effec- 
tiveness of reducing the current from the gate terminal 1 

55 to the drain terminal 2 when the voltage on the drain ter- 
minal 2 becomes negative. 

Although the power MOSFET 1 1 has its threshold 
value set equal to the threshold value of the power MOS- 
FET 10, the gate voltage which drives the power MOS- 
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FET 1 1 is effectively lowered by the series diodes 13 and 
therefore it is desirable to be lower than the threshold 
value of the power MOSFET 10 so as to reduce the on- 
state resistance of the power MOSFET 1 1 . The values 
of resistance, withstand voltage, on-state resistance, etc. 
used in the above explanation of the embodiment are 
only examples, and the confinement to these values is 
not intended obviously. 

In the case of providing a negative drain withstand 
voltage by isolating the source from the body and switch- 
ing the body voltage based on the external control signal 
depending on the potential relation of the source and 
drain, as has been explained for the prior art, the chip 
size increases significantly and it is difficult to carry out 
the miniaturization of device as compared with usual 
power MOSFETs with their source and body connected 
together. Whereas, the compounded power MOSFET 
based on this invention does not need to receive an 
external control signal, while it can have a negative drain 
withstand voltage automatically. This compounded 
power MOSFET uses usual power MOSFETs having 
their source and body connected together, and therefore 
it is possible to further reduce the chip size or reduce the 
on-state resistance based on the fabrication process for 
miniaturization of the device. 

(Embodiment 3> 

Fig. 3 is a circuit diagram showing still another 
embodiment of the compounded power MOSFET based 
on this invention. In Fig.3, portions identical to those of 
the second embodiment shown in Fig. 2 are referred to 
by the same reference symbols, and detailed explana- 
tion thereof is omitted. The compounded power MOS- 
FET 62 of this embodiment differs from the compounded 
power MOSFET 61 of the second embodiment in the 
elimination of the resistor 15 for simplification. This 
embodiment is the case of the circuit arrangement of 
Fig. 1 , with the voltage comparator 50 having its inverting 
input terminal connected to point a. 

In this embodiment, a higher voltage relative to the 
case of the second embodiment is applied to the gate of 
the MOSFET 12 due to the absence of the resistor 15 
when the drain terminal 2 goes negative. Consequently, 
it has the effect of improving the ability of cutting off the 
power MOSFET 1 1 . After the diode 1 9 has broken down 
by the fall of the drain terminal 2, a breakdown current 
l 19 which is expressed by the following expression (4) 
flows through the resistor 16, thereby providing a with- 
stand voltage for the path consisting of the diode 1 9 and 
resistor 16. 

Ii9=(-Vdd-V, 10 -BV 19 )/R 2 (4) 

where 6V 19 is the withstand voltage of the diode 19. In 
the case of the I19 having the same maximum value of 2 
mA as the second embodiment, the path consisting of 
the diode 1 9 and resistor 1 6 has the same withstand volt- 
age of 30 V as the second embodiment. Accordingly, the 



MOSFET 12 turns on automatically without the applica- 
tion of an external signal when the drain terminal goes 
negative, and a negative withstand voltage can be pro- 
vided for the compounded power MOSFET 62. 

5 In case a negative withstand voltage in excess of the 
withstand voltage of the diode 19 is not required when 
the drain terminal 2 goes negative, the gate of the MOS- 
FET 12 and the drains of the power MOSFETs 10 and 
11 may be connected directly by short-circuiting the 

10 resistor 16. 

(Embodiment 4) 

Fig.4 is a circuit diagram showing still another 

15 embodiment of the compounded power MOSFET based 
on this invention. In Fig.4, portions identical to those of 
the third embodiment shown in Fig.3 are referred to by 
the same reference symbols, and detailed explanation 
thereof is omitted. The compounded power MOSFET 63 

20 of this embodiment differs from the third embodiment in 
the connection of the gate of the power MOSFET 1 1 to 
the node of the series diodes 1 3 and the resistor 1 4. This 
embodiment is the case of the circuit arrangement of 
Fig. 1 , with the voltage comparator 50 having its inverting 

25 input terminal connected to point a. 

Also in this embodiment, the expressions (1 ), (2) and 
(4) explained in connection with the second and third 
embodiments are supported. In the arrangement of this 
embodiment, increasing the number of diodes of the 

30 series diodes 13 causes the power MOSFET 1 1 to be 
hard to turn off when the drain terminal 2 of the com- 
pounded power MOSFET 63 goes negative, while the 
voltage transmission from the gate terminal 1 to the gate 
of the power MOSFET 1 1 speeds up and the voltage 

35 drop of the gate voltage of MOSFET 1 1 decreases. On 
this account, it is advantageous in having the perform- 
ance of fast and low-gate-voltage driving as compared 
with the case of the third embodiment. Accordingly, the 
number of diodes of the series diode 1 3 and the point of 

40 connection are determined in consideration of these 
qualities. Shown in Fig.4 is the case of the series diode 
1 3 of a single diode. In case a negative withstand voltage 
in excess of the withstand voltage of the diode 19 is not 
required when the drain terminal 2 goes negative, the 

45 resistor 16 may be short-circuited, as in the case of the 
third embodiment. 

(Embodiment 5) 

so Fig.5 is a circuit diagram showing still another 
embodiment of the compounded power MOSFET based 
on this invention. In Fig.5, portions identical to those of 
the second embodiment shown in Fig.2 are referred to 
by the same reference symbols, and detailed explana- 

55 tion thereof is omitted. The compounded power MOS- 
FET 64 of this embodiment differs from the arrangement 
of the second embodiment in the connection of the gate 
of the MOSFET 12 to the drain terminal 2 by way of a 
series circuit of diodes 20 and a resistor 22 and to the 
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source terminal 0 by way of a series circuit of a resistor 
23 and series diodes 21. This embodiment is the case 
of the circuit arrangement of Fig. 1 , with the voltage com- 
parator 50 having its inverting input terminal connected 
to point b. 5 

In the compounded power MOSFET 64 of this 
arrangement, series diodes 20 and 21 are provided for 
ensuring the positive withstand voltage of the drain ter- 
minal 2, and a resistor 23 is provided for making the neg- 
ative withstand voltage of the drain terminal 2 higher than 10 
the gate-source withstand voltage of the MOSFET 1 2. A 
resistor 22 is provided for turning on the MOSFET 12 
when the drain terminal 2 goes negative so that a leak 
current from the gate terminal 1 to the drain terminal 2 
decreases. The compounded power MOSFET 64 of this is 
embodiment has the same effectiveness as the embod- 
iment of Fig.2. The series circuit of the resistor 22 and 
diodes 20 can be eliminated if it is not necessary to turn 
off the MOSFET 12 immediately in order to diminish 
quickly the currentf lowing from the gate terminal 1 to the 20 
drain terminal 2 when the drain terminal 2 becomes vir- 
tually equal in potential to the source terminal 0 at the 
turn-on of the compounded power MOSFET 64, and the 
resistor 23 may be short-circuited if the series diodes 21 
have a sufficiently high withstand voltage. In addition, the 25 
series diodes 21 of Fig. 5 can be a single diode and the 
diodes 21 can be shuntted if its withstand voltage is high 
enough. 

(Embodiment 6) so 

Fig. 6 is a circuit diagram showing still another 
embodiment of the compounded power MOSFET based 
on this invention. In Fig. 6, portions identical to those of 
the fifth embodiment shown in Fig.5 are referred to by 35 
the same reference symbols, and detailed explanation 
thereof is omitted. The compounded power MOSFET 65 
of this embodiment differs from the fifth embodiment in 
the connection of a switch circuit SW 1 consisting of MOS- 
FETs 12a and 12b, with their sources being connected 40 
together and their gates being connected together, in 
place of the MOSFET 12, and in the connection of a 
switch circuit SW 2 consisting of MOSFETs 23a and 23b, 
with their sources being connected together and their 
gates being connected together and connected to the 45 
drain terminal 2, between the drain and gate of the MOS- 
FET 12a. This embodiment is the case of the circuit 
arrangement of Fig.1, with the voltage comparator 50 
having its inverting input terminal connected to point b. 

In the compounded power MOSFET 65 of this so 
arrangement, the values of the resistors 22 and 23 and 
the arrangement of the series diodes 20 and 21 are cho- 
sen so that the switch circuit SW1 is off when the gate 
terminal 1 and drain terminal 2 is at zero volt and a high 
potential, respectively. The switch circuit SW 2 turns on ss 
when the drain terminal 2 is at a high potential, causing 
the MOSFET 12b of the switch circuit SW^ to have a 
gate-source voltage lower than the threshold value, so 
that the switch circuit SW 1 can surely turn off. Conse- 



quently, the switch circuit SW1 can surely turn off even if 
the potential between the drain terminal 2 and source 
terminal 0 is so unstable as to induce a malfunction. By 
the turn-off of the switch circuit SW 1f the withstand volt- 
age between the drain terminal 2 and gate terminal 1 can 
be increased by the amount of the drain-source with- 
stand voltage of the MOSFET 1 2b, i.e. , about 20 V in this 
case, relative to the case of only the forward voltage of 
the parasitic diode of the MOSFET 1 2 in the fifth embod- 
iment, and it is possible to reduce by two the number of 
diodes of the series diodes 1 3 thereby to accomplish the 
fast and low-voltage driving. 

In case a negative voltage is applied to the drain ter- 
minal 2, the switch circuit SW^ turns on and switch circuit 
SW 2 turns off, causing the power MOSFET 1 1 to turn off, 
thereby blocking a current flowing from the drain terminal 
2 to the source terminal 0, and a negative withstand volt- 
age of the compounded power MOSFET 65 is ensured. 
Although each of the switch circuits SW-i and SW 2 of the 
compounded power MOSFET 65 of this embodiment 
has its sources of two MOSFETs connected together, 
their drains may be connected together instead to attain 
the same effectiveness. The series circuit of the resistor 
22 and diodes 20 can be eliminated if it is not necessary 
to turn off the switch circuits SW1 immediately in order 
to diminish quickly the current flowing from the gate ter- 
minal 1 to the drain terminal 2 when the drain terminal 2 
becomes virtually equal in potential to the source termi- 
nal 0 at the turn-on of the compounded power MOSFET 
65 of this embodiment, and the resistor 23 may be short- 
circuited if the series diodes 21 have a sufficiently high 
withstand voltage, as in the fifth embodiment. In addition, 
the series diodes 21 can be a single diode if its withstand 
voltage is high enough and the switch circuits SW^ can 
operate as mentioned above. 

(Embodiment 7) 

Fig. 7 is a circuit diagram showing still another 
embodiment of the compounded power MOSFET based 
on this invention. In Fig. 7, portions identical to those of 
the second embodiment shown in Fig.2 are referred to 
by the same reference symbols, and detailed explana- 
tion thereof is omitted. The compounded power MOS- 
FET 66 of this embodiment differs in the provision of a 
pn-junction diode 131, which provides a withstand volt- 
age of 60 V, connected through newly provided terminals 
4 and 5 in place of the series diodes 1 3, and in the con- 
nection of series diodes 171 in place of the protection 
diode 17. This embodiment is the case of the circuit 
arrangement of Fig.1, with the voltage comparator 50 
having its inverting input terminal connected to point a. 

The compounded power MOSFET 66 of this circuit 
arrangement is integrated on two chips including a chip 
for the diode 131 and a chip for the circuit section 
enclosed by the dotted line in Fig.7, in contrast to the 
preceding first through sixth embodiments which can be 
integrated on one chip. In exchange for the additional 
chip for the diode 131 , it is possible for this embodiment 
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to apply the gate voltage of the gate terminal 1 to the 
power MOSFET 11 at a smaller voltage drop than other 
embodiments. Accordingly, rt effectively reduce the on- 
state resistance of the power MOSFET 1 1 . It is of course 
possible to accommodate the diode 1 31 of this embodi- $ 
ment in the same package so that it can be used as a 3- 
terminal compounded power MOSFET 66 similar to 
other embodiments. In this case, bonding pads for the 
terminals 3 and 4 may be formed on the chip so as to 
enable the connection with bonding wires. w 

The series diodes 171 used for the gate protection 
diode of the power MOSFET 1 0 does not include the part 
for providing a negative withstand voltage, as compared 
with the protection diode 1 7 used in the second through 
sixth embodiments, by the following reason. When a is 
negative voltage of -30 V is applied to the drain terminal 
2, a current about 1 5 mA flows from the gate terminal 1 , 
as explained in connection with the second embodiment 
shown in Fig. 2. However, if the gate drive circuit (not 
shown) connected to the gate terminal 1 of the com- 20 
pounded power MOSFET 66 does not have a current 
supply capacity of 15 mA or more, the drain voltage 
applied to the drain terminal 2 will go negative and the 
output voltage of the gate drive circuit will fall, resulting 
possibly in the breakage of the gate drive circuit in the 25 
worst case. On this account, in order to protect the gate 
drive circuit which is connected to the gate terminal 1 so 
as to clamp the voltage on the gate terminal 1 to about 
-1 V when the voltage on the drain terminal 2 goes neg- 
ative,theseriesdiodes171 in which the part for providing 30 
the negative gate withstand voltage for the gate protec- 
tion diode of the power MOSFET 1 0 is eliminated is used. 
This embodiment also provides a negative drain with- 
stand voltage and has the same effectiveness as the sec- 
ond embodiment. In regard to the resistors 15 and 16, 35 
the resistor 1 5 can be eliminated and the resistor 1 6 can 
be short-circuited in some cases as explained in connec- 
tion with the third and fourth embodiments. The resistor 
14 can be eliminated if the externally-connected diode 
131 has a resistance value comparable to the resistor 40 
14, as explained in connection with the second embod- 
iment. 

(Embodiment 8) 

45 

Fig. 8 is a block circuit diagram showing still another 
embodiment of the compounded power MOSFET based 
on this invention. In Fig.8, portions identical to those of 
the first embodiment shown in Fig.1 are referred to by 
the same reference symbols, and detailed explanation so 
thereof is omitted. The compounded power MOSFET 70 
of this embodiment is intended to improve the reliability 
of the compounded power MOSFETs 60 through 66 
shown in Fig.1 through Fig. 7 by having an overheat pro- 
tection circuit, overcurrent protection circuit and overvolt- ss 
age protection circuit. The circuit diagram differs from the 
block circuit diagram of Fig. 1 in the dividing of the power 
MOSFET 1 0 into power MOSFETs 10a and 10b, the use 
of the source of the power MOSFET 10a for the source 



terminal 0, and the additional provision of a voltage com- 
parator 53, voltage transmitter 54, temperature compa- 
rator 55, and current comparator 56. The scale of the 
power MOSFET 10b is 1/k of the power MOSFET 10a. 

The voltage transmitter 54 is connected between the 
node of the gates of the power MOSFETs 10a and 10b 
and voltage transmitter 54 and the gate terminal 1 , and 
the outputs of the voltage comparator 53, temperature 
comparator 55 and current comparator 56 are applied to 
the voltage transmitter 54. The voltage comparator 50 
has its inverting input terminal connected to point a on 
the line of the drains of the power MOSFETs 10 and 1 1 
or point b on the line to the source terminal 0, and its 
output connected to the gate of the power MOSFET 1 1 . 

The voltage transmitter 54 functions to create a volt- 
age drop between the gate terminal 1 and the gates of 
the power MOSFETs 10a and 10b during the operation 
of the temperature comparator 55 and current compara- 
tor 56, besides the function of transferring the gate volt- 
age of the gate terminal 1 to the next stage. 

The temperature comparator 55 operates to monitor 
the chip temperature, particularly the chip temperature 
T chip of the area of the power MOSFET 1 0a, and turn off 
the power MOSFET 1 0a thereby to shut off the drain cur- 
rent l DS when the chip temperature T chip has reached 
the critical temperature T max , thereby functioning as an 
overheat protection circuit for suppressing the rise of chip 
temperature. The current comparator 56 compares the 
1/k value of the drain current l DS flowing to the source 
terminal 0 with the 1/k value of the maximum drain cur- 
rent bsmax. thereby functioning as an overcurrent pro- 
tection circuit for controlling the drain current l DS below 
the maximum drain current Ipsmax- Th© voltage compa- 
rator 53 monitors the voltage V DD on the drain terminal 
2 in the off-state of the compounded power MOSFET 70 
and raises the gate voltage to turn on the power MOS- 
FET 1 0 if the drain terminal voltage V DD exceeds the pre- 
scribed maximum drain voltage V DDmax , thereby 
functioning as an overvdtage protection circuit for pre- 
venting the voltage of the drain terminal 2 from exceeding 
the prescribed voltage. These protection circuits which 
work for the power MOSFET 1 0 protect the compounded 
power MOSFET 70. The compounded power MOSFET 
70 of this embodiment provides a negative drain with- 
stand voltage obviously. 

(Embodiment 9) 

Fig.9 is a block circuit diagram showing still another 
embodiment of the compounded power MOSFET based 
on this invention. In Fig.9, portions identical to those of 
the eighth embodiment shown in Fig.8 are referred to by 
the same reference symbols, and detailed explanation 
thereof is omitted. Shown in Fig. 9 is a specific example 
of the circuit arrangement of the block diagram shown in 
Fig.8. 

In the compounded power MOSFET 71 of this 
embodiment, the voltage comparator 50 consists of a 
MOSFET 1 2, with a protection diode 1 9 being connected 
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between the gate and source, and this circuit arrange- 
ment is the case of the circuit arrangement of Fig. 8, with 
the voltage comparator 50 having its inverting input ter- 
minal connected to point a. In case a negative withstand 
voltage in excess of the withstand voltage of the diode 
1 9 is not required, the resistor 1 6 may be short-circuited. 
The voltage transmitter 51 consists of a series circuit of 
series diodes 13 and a resistor 14, the voltage compa- 
rator 53 consists of series diodes 28 and series diodes 
29, and the voltage transmitter 54 consists of a resistor 
34. The series diodes 28 functions as an overvoltage 
protection diode which turns on the power MOSFET 10 
if a voltage in excess of the prescribed level is applied to 
the drain terminal 2, and the series diodes 29 function to 
block a leak current flowing from the gate terminal 1 to 
the drain terminal 2. The series diodes 13,28 and 29 may 
be single diodes each having a sufficient withstand volt- 
age, and the resistor 14 can be eliminated if the series 
diodes 13 have a large resistance value comparable to 
the resistor 14. 

The temperature comparator 55 consists of a MOS- 
FET 27, series diodes 30, a diode 31, and resistors 33 
and 35. The series circuit of the resistor 33 and diode 31 
connected between the gate terminal 1 and source ter- 
minal 0 produces a constant voltage V z at the node of 
the diode 31 and resistor 33 from the voltage applied to 
the gate terminal 1. This voltage V 2 is applied to the 
series circuit of the diodes 30 and resistor 35 connected 
in parallel to the diode 31. When the chip temperature 
rises, the gate voltage supplied from the node of the 
series diodes 30 and resistor 35 exceeds the threshold 
value of the MOSFET 27, causing it to turn on, and the 
power MOSFET 10 is cut off. 

The current comparator 56 consists of a MOSFET 
26 and a resistor 32. A drain current which is 1/k (k has 
a value of 1000 for example) of the MOSFET 10a flows 
-through the resistor 32 connected between the source 
of the MOSFET 10b and the source terminal 0 of the 
compounded power MOSFET. Based on the connection 
of this resistor 32 between the source and gate of the 
MOSFET 26 and the connection of its drain to the gate 
of the MOSFET 10, the voltage across the resistor 32 
rises in response to a drain current l D s in excess of the 
prescribed value, and the gate voltage of the MOSFET 
26 rises to limit the drain current l DS . 

The compounded power MOSFET 71 of this embod- 
iment provides a negative drain withstand voltage and 
includes the above-mentioned various protection cir- 
cuits, as in the the eighth embodiment. This embodiment 
can be modified to implement the overvoltage protection 
without using the series diodes 28 and 29 by choosing 
appropriately the parameters of the protection diodes 1 9, 
MOSFET 12 and resistor 14. 

(Embodiment 10) 

Fig. 10 is a cross-sectional diagram showing an 
embodiment of the structure of the power MOSFETs 10 
and 11, MOSFET 12 and silicon series diodes 13 



included in the compounded power MOSFETs based on 
this invention shown in Fig.1 through Fig.5 and Fig.7 
through Fig.9. In Fig.10, reference numeral 100 denotes 
an n-type silicon semiconductor substrate including anti- 

5 mony or arsenic as impurity and having a low resistivity 
of 0.02Q»cm (antimony) or 0.002Q*cm (arsenic), on 
which is formed an n-type epitaxial layer 101 of 1 to 
20 • cm and a thickness of 10pm. In the area for the for- 
mation of the power MOSFET 10, there are formed 

w between patterns of polycrystalline silicon gate layer 
107a, which is formed on a gate oxide film 106 of 50 nm, 
a deep p-type diffusion layer 104 of about 5\im, a p-type 
diffusion layer 108 of about 2pm which will become the 
body, high-density p-type diffusion layers 110 with a 

is depth of O.Sfim and a dose of 1 x1 0 1 5 cm" 2 (boron) used 
for the ohmic contact between the body and aluminum 
electrode layer 113, and high-density n-type diffusion 
layers 1 1 1 with a depth of 0.4 \im and a dose of 1x10 1 @ 
cm" 2 (arsenic) used for the source, with the aluminum 

20 electrode layer 113 which will become the source elec- 
trode being formed on the polycrystalline silicon gate 
layer 107a by being interposed by an insulating layer 

112. The drain is the n-type epitaxial layer 101 and n- 
type silicon semiconductor substrate 100, with a drain 

25 electrode layer 1 1 5 being formed over the entire rear sur- 
face of the n-type silicon semiconductor substrate 100, 
thereby completing a vertical power MOSFET 10. 

In the area for the formation of the silicon series 
diodes 13, there are formed from a polycrystalline sili- 

30 con, which is formed on an insulating layer 105 with a 
thickness of 1 jim, a high -density p-type region layer 
107d with a dose of 1x10 15 cm -2 (boron) at the center 
and a ring-shaped high-density n-type region layer 1 07b 
with a dose of 1 x1 0 1 6 cm"2 (arsenic) around region 1 07d 

35 by being interleaved by a low-density p-type region layer 
1 07c with a dose of 5x1 0 1 3 cm" 2 (boron). Accordingly, a 
feature of this structure is no degradation of withstand 
voltage at the edge of the pn junction. A plurality of this 
structure are formed and connected by an aluminum 

40 electrode pattern to complete the series diodes 13, or 
alternatively more ring-shaped regions 107d,107c and 
1 07b are duplicated in a concentric arrangement to com- 
plete the series diodes 13. 

In the area for the formation of the MOSFET 12, 

45 there are formed in the p-type diffusion layer 104 a p- 
type diffusion layer 108 which will become the body, a 
high-density p-type diffusion layer 1 1 0 used for the ohmic 
contact between the body and aluminum electrode layer 

1 13, and a high-density n-type diffusion layer 1 1 1 used 
so for the source, with the polycrystalline silicon gate layer 

1 07a over the p-type diffusion layer 1 04 through the gate 
oxide film 106 being used to form a gate electrode. A 
drain layer is formed of a low-density n-type diffusion 
layer 109 with a dose of 5x10 12 cm" 2 (phosphor) with 
55 the intention of providing an enhanced drain withstand 
voltage and a high-density n-type diffusion layer 111, 
with the drain electrode being led out from the surface of 
the high-density n-type diffusion layer 1 1 1 by using the 
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aluminum electrode layer 113, thereby completing a lat- 
eral MOSFET 12. 

The power MOSFET 1 1 is a vertical power MOSFET 
having the same structure as the power MOSFET 10, 
and both power MOSFETs share the drain layer 100 and 
drain electrode 1 1 5. The power MOSFETs 1 0 and 1 1 are 
prevented from having a parasitic pnp transistor action 
and thyristor action emerging between their p-type body 
regions 108 based on the formation of a high-density n- 
type diffusion layer 103 with a sheet resistance of SOJn 
beneath the insulating layer 105 deep to the semicon- 
ductor substrate 100. This deep low-resistance high- 
density n-type diffusion layer 103 also prevents the dete- 
rioration of withstand voltage between the output (drain 
terminal 2) and the ground (source terminal 0) and the 
delay of switching caused by the accumulation of minor- 
ity carrier in the n-type epitaxial layer 101. 

By the formation of the vertical power MOSFETs 10 
and 11 and the lateral MOSFET 12 and silicon series 
diodes 1 3 and the use of polycrystalline silicon resistors, 
the compounded power MOSFETs, which include neg- 
ative gate protection circuits, explained in the preceding 
embodiments can be accomplished based on the con- 
ventional power MOSFET fabrication process. Since 
these vertical power MOSFETs are of the type of struc- 
ture in which the source and body are not isolated, the 
on-state resistance can easily be reduced based on the 
fabrication process for miniaturization of the device. Ref- 
erence numeral 1 14 denotes an insulating layer for sur- 
face protection, and it covers the entire chip surface 
except for the pad areas which will be explained later. 
The values of resistivity of the diffusion layers and the 
values of depth of diffusion described above are only 
examples, and these values can be altered obviously 
depending on the required withstand voltage and on- 
state resistance. 

(Embodiment 11) 

Fig. 1 1 is a cross-sectional diagram showing another 
embodiment of the structure of the power MOSFETs 10 
and 11, MOSFET 12 and silicon series diodes 13 
included in the compounded power MOSFETs based on 
this invention shown in Fig.1 through Fig. 5 and Fig. 7 
through Fig.9. In Fig.1 1 , portions identical to those of the 
tenth embodiment shown in Fig.1 0 are referred to by the 
same reference symbols, and detailed explanation 
thereof is omitted. This embodiment differs from the 
structure shown in Fig. 1 0 in the formation of a high-den- 
sity n-type buried layer 1 02, which has a sheet resistance 
of 100 Ci/n and includes phosphor with a large diffusion 
coefficient, in the drain region of the power MOSFET 1 1 . 

This structure reduces the on-state resistance of the 
power MOSFET 1 1 , although its withstand voltage is low- 
ered, and consequently the compounded power MOS- 
FET has a reduced on-state resistance. In the 
embodiment of Fig. 2, the resistors 15 and 16 have their 
values set so that the applied drain voltage of the power 
MOSFET 1 1 is -30 V at most, and therefore the withstand 



voltage can be made lower by 30 V than the drain with- 
stand voltage of the power MOSFET 1 0. Accordingly, the 
on-state resistance of the compounded power MOSFET 
can be reduced without lowering its necessary withstand 
5 voltage (positive drain withstand voltage of 60 V is 
ensured). 

Although in this embodiment, the high-density n- 
type buried layer 102 of fast-diffusing phosphor is used 
in order to form a low-resistance n-type epitaxial layer 

w 101 beneath the power MOSFET 11, the same effect can 
be attained by forming the n-type well diffusion layer 
deep from the surface of the n-type epitaxial layer 101 
for the area of the formation of the power MOSFET 1 1 
or by making thinner only the n-type epitaxial layer 101 

is for the power MOSFET 1 1. This embodiment is of the 
case of allowing the negative drain withstand voltage 
lower than the positive drain withstand voltage, and for 
another case of allowing the positive drain withstand volt- 
age lower than the negative drain withstand voltage, the 

20 resistance of the drain region beneath the power MOS- 
FET 10 is reduced. 

(Embodiment 12) 

25 Fig. 12 is a cross-sectional diagram showing still 
another embodiment of the structure of the power MOS- 
FETs 10 and 1 1 and MOSFET 12a included in the com- 
pounded power MOSFET based on this invention shown 
in Fig.6. In Fig. 12, portions identical to those of the elev- 

30 enth embodiment shown in Fig.1 1 are referred to by the 
same reference symbols, and detailed explanation 
thereof is omitted. This embodiment differs from the 
structure shown in Fig. 1 1 in the separation between the 
controlling MOSFET 12a and the power MOSFET 1 1 in 

35 Fig.6 with a high-density n-type diffusion layer 103 and 
high-density n-type buried layer 102. 

In the circuit arrangement of Fig.6, the parasitic pnp 
transistor formed of the body 104 of the MOSFET 12a, 
the n-type epitaxial layer 101, peripheral p-type diffusion 

ao layer 1 04 and p-type diffusion layer 1 08 can possibly act, 
while it is possible to suppress the action of this parasitic 
element and the deterioration of characteristics caused 
by the hole accumulation effect of the n-type epitaxial 
layer 101 by the provision of separators of the high-den- 

45 sity n-type layers 1 02 and 1 03. Although it is ideal to sep- 
arate all controlling MOSFETs with the high-density n- 
type layers 102 and 1 03, if this measure is infeasible, the 
MOSFETs 1 2a and 1 2b and the MOSFETs 24a and 24b 
which share the bodies 1 04 should be separated with the 

so high-density n-type diffusion layer 103 and high-density 
n-type buried layer 102 (or high-density n-type substrate 
100), respectively, to attain the above-mentioned sup* 
pression effect. 

55 (Embodiment 13) 

Fig.1 3 is a cross-sectional diagram showing an 
embodiment of the structure of the power MOSFETs 10 
and 11 and MOSFET 12 included in the compounded 
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power MOSFETs based on this invention shown in Fig.1 
through Fig.9. In the tenth embodiment, the deep low- 
resistance high-density n-type diffusion layer 103 is addi- 
tionally provided to establish a punch-through withstand 
voltage of 60 V or higher between the sources of the 
power MOSFETs 10 and 1 1 thereby to prevent the dete- 
rioration of withstand voltage between the output (drain 
terminal 2) and the ground (source terminal 0). Whereas, 
this embodiment uses a shallow low-resistance high- 
density n-type diffusion layer 11 1 , in place of the high- 
density n-type diffusion layer 103, to attain the improve 
punch-through withstand voltage without increasing the 
fabrication cost. 

In this embodiment, a field plate 113a for electric 
field relaxation is provided in order to prevent the deteri- 
oration of withstand voltage between the drain terminal 
and source terminal caused by the concentration of elec- 
tric field around the shallow low-resistance high-density 
n-type diffusion layer 111. This field plate 1 13a may be 
other than an aluminum electrode layer, provided that it 
is a conductive layer connected to the n-type diffusion 
layer 111 or having virtually the same potential. For 
example, a doped low-resistance polycrystalline silicon 
layer can be used. Although this embodiment involves 
the possibility of the delay of cutoff speed of the power 
MOSFET 11 caused by the accumulation of holes 
injected from the p-type diffusion layer of the power 
MOSFET 1 0 to the n-type epitaxial layer 101 or the emer- 
gence of parasitic thyristor action, these problems can 
be solved by disposing the protective circuit sections 
such as the MOSFET 12 between the power MOSFETs 
1 0 and 1 1 thereby to provide a distance between these 
MOSFETs. 

{Embodiment 14) 

Fig. 14 is a plan view showing still another embodi- 
ment of the compounded power MOSFET based on this 
invention. This embodiment is the packaging of the sem- 
iconductor chip on which the compounded power MOS- 
FET 71 which incorporates the overheat and other 
protection circuits shown in Fig. 8 and Fig.9 is formed. 

In Fig. 14, reference numeral 1000 denotes a com- 
pounded power MOSFET chip, which includes an area 
1 004 for the formation of the vertical power MOSFET 1 0, 
an area 1005 for the formation of the vertical power 
MOSFET 1 1 , and an area 1006 for the formation of other 
control circuits, each having the cross-sectional struc- 
ture shown in Fig.10 through Fig.12. The compounded 
power MOSFET chip 1000 is mounted on a conductive 
metallic layer 1014 which is isolated from a source ter- 
minal lead line 1001, drain terminal lead line 1002 and 
gate terminal lead line 1003. The metallic layer 1014 is 
formed on an insulator substrate 1016 of the package, 
and it extends up to the heat sink fin 1015, to which it is 
connected. A temperature detection device 1013 is 
formed in the area 1 004 of the power MOSFET 1 0 where 
the temperature will rise more than the area of the power 
MOSFET 1 1 in the event of abnormality such as the 



short-circuit of load, and particularly in close vicinity to a 
source pad 1007 on the active area where the tempera- 
ture will become highest in the package. 

In this structure, in order for the gate bonding wire 

s 1012 to be wired in the direction other than the direction 
of the source bonding wire 1010 and drain bonding wire 
1011, the gate terminal lead line 1003 is bent and 
extended to run along a side of the compounded power 
MOSFET chip 1 000 other than the side where the source 

10 terminal lead line 1001 and drain terminal lead fine 1002 
are disposed adjacently. In Fig. 14, reference numerals 
1 007, 1008 and 1009 denote a source pad, drain pad and 
gate pad, and these pads take the areas where the 
uppermost surface protective insulating layer 114 is 

is removed to expose the aluminum electrode layer 1 1 3, as 
shown in the cross-sectional diagrams of Fig.10 through 
Fig. 13. The source pad 1007 and drain pad 1008 are 
formed inthe areas, i.e., active regions, where the source 
and channel diffusion layer of the power MOSFETs are 

20 formed so that the semiconductor layers beneath the 
pads are useful for device regions, and accordingly the 
on-state resistance can be reduced or the chip area can 
be reduced. 

Tne disposition of the lead lines based on this 

25 embodiment provides the following effectiveness. By 
mounting the compounded power MOSFET chip 1000 
on the metallic layer 1014 which is isolated from the ter- 
minal lead lines 1001,1002 and 1003, it is possible to 
connect the drains of the vertical power MOSFETs 10 

30 and 11 together by means of the metallic layer 1014 and 
accomplish their fairly small on-state resistance owing to 
their even drain current distribution. In addition, as a 
result of the extension of the metallic layer 1014 up to 
the heat sink fin 1015 and the connection to it, the ther- 

35 mal resistance of the package can be reduced. 

In addition, by the disposition of the temperature 
detection device 1013 in close vicinity to the source pad 
1 007 in the area 1 004 of the vertical power MOSFET 1 0 
where the temperature will rise more than the area of the 

40 vertical power MOSFET 1 1 , the sensitivity of detection 
of the temperature detection device is improved and the 
reliability of the compounded power MOSFET can be 
enhanced. 

In addition, by the bending and extension of the gate 
45 terminal lead line 1 003 to run along other side of the chip, 
it is possible to make the source bonding wire 1010 and 
drain bonding wire 1011 thicker and shorter and even 
facilitate the multi-wire bonding. Consequently, it 
becomes possible to minimize the influence of the resist- 
so ance of bonding wires themselves in the case of the 
large-current operation. 

(Embodiment 15) 

55 Fig. 15 is a block diagram showing an embodiment 
of the battery drive system with reverse battery protec- 
tion function, with the inventive compounded power 
MOSFET being applied thereto. In Fig. 15, portions iden- 
tical to those of the first embodiment shown in Fig. 1 are 
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referred to by the same reference symbols. This battery 
drive system with reverse battery protection function 
includes a gate drive circuit 81, which has a battery 
power source 83, connected between the gate terminal 
1 and source terminal 0 of the inventive compounded 
power MOSFET 60 with the negative gate protection cir- 
cuit, with the battery 82 having its positive terminal con- 
nected to the drain terminal 2 by way of a load 84 and its 
negative terminal connected to the source terminal 0. 

Based on this circuit arrangement, the compounded 
power MOSFET 60 implements the switching control for 
the current supply from the battery 82 to the load 84 in 
accordance with the output of the gate drive circuit 81 , 
and at the same time the MOSFET 60 is protected from 
breakage in the event of the reverse connection of the 
battery. Specifically, when the compounded power MOS- 
FET 61 shown in Fig.2 is used, the load current resulting 
from the erroneous reverse connection of the battery 82 
is as small as 25 mA or less, and the device and load will 
never be broken. 

In the case of building the same switching control 
system by use of the prior art power MOSFET that has 
the structure of isolated source and body and has a neg- 
ative drain withstand voltage based on the switching con- 
trol of the body potential by the external signal depending 
on the potential relation of the source and drain, the cir- 
cuit arrangement becomes complex and the miniaturiza- 
tion of device is difficult as compared with usual power 
MOSFETs having the connected source and body. 
Whereas, the inventive compounded power MOSFET 60 
can have a negative drain withstand voltage automati- 
cally without the need of having an external control sig- 
nal, thereby withstanding the reverse connection of the 
battery 82, resulting in a simple circuit arrangement. The 
inventive compounded power MOSFET having the same 
structure suitable for the miniaturization as usual power 
MOSFETs can have a much smaller chip size when the 
fabrication process for miniaturization of the device is 
used. 

In the case of building the same switching control 
system by use of a usual power MOSFET, a diode is con- 
nected in series to the power MOSFET in order to pre- 
vent the heat-caused breakage due to an excessive 
current flowing in the power MOSFET due to the pres- 
ence of a drain-to-body parasitic diode when the battery 
82 is erroneously connected reversely. In this case, how- 
ever, the power loss of power MOSFET caused by the 
forward diode voltage drop (about 0.7 V) cannot be elim- 
inated, and therefore a small-loss electronic switch can- 
not be accomplished. Whereas, the inventive battery 
drive system with reverse battery protection function, 
which uses only power MOSFETs 1 0 and 1 1 on the main 
current path between the output terminal (drain terminal 
2) and the ground terminal (source terminal 0), is capa- 
ble of reducing the voltage drop across the switching 
device down to 0.4 V or less by use of power MOSFETs 
having a low on-state resistance. Moreover, it does not 
necessitate an external circuit for driving the power 
MOSFET 1 1 which is used for the reverse battery pro- 



tection, and the same circuit arrangement as using usual 
power MOSFETs (the reverse battery protection diode 
connected in series is not needed) can be adopted for 
implementing the reverse battery protection. 

s In addition, the compounded power MOSFET used 
for the battery drive system with reverse battery protec- 
tion function can be fabricated on a single chip based on 
the fabrication process for conventional vertical power 
MOSFETs, and therefore a compact and inexpensive 

10 system can be accomplished. Consequently, battery 
drive systems with a reliable reverse battery protection 
function can be built in technical fields where the conver- 
sion to electronic switching has been infeasible. 

is (Embodiment 16) 

Fig. 16 is a block diagram showing another embodi- 
ment of the battery drive system with reverse battery pro- 
tection function, with the inventive compounded power 

20 MOSFET being applied thereto. In Fig.1 6, portions iden- 
tical to those of the fifteenth embodiment shown in Fig. 15 
are referred to by the same reference symbols, and 
detailed explanation thereof is omitted. This embodiment 
differs from the fifteenth embodiment in the provision of 

25 terminals 3 and 4, the use of a compounded power MOS- 
FET 80 having a resistor 14 connected between the gate 
of the power MOSFET 11 and the terminal 4, the con- 
nection of a diode 131 between the terminal 4 and gate 
terminal 1 for the sake of provided a negative withstand 

30 voltage of 60 V for example, the connection of a clamping 
diode 36 between the gate terminal 1 and source termi- 
nal 0, and the connection of the terminal 3 to the gate 
terminal 1 . 

This circuit arrangement enables the application of 

35 the voltage of the gate terminal 1 to the gate of the power 
MOSFET 1 1 at a small voltage drop of the single diode 
131 , thereby facilitating the reduction of on-state resist- 
ance of the power MOSFET 11. The diode 36 clamps 
the voltage of the gate terminal 1 to about -1 V when the 

40 voltage applied to the drain terminal 2 goes negative, 
thereby protecting the gate drive circuit 81 connected to 
the gate terminal 1. Specifically, in case the gate drive 
circuit 81 does not have a sufficient current supply 
capacity for the current flowing from the gate terminal 1 

45 to the drain terminal 2 when the battery 82 is connected 
reversely, the output voltage of the gate drive circuit 81 
becomes low, and the gate drive circuit 81 can possibly 
be broken in the worst case, and this impropriety can be 
prevented by the damping diode 36. The clamping diode 

so 36 is not needed when the series diodes 171 are con- 
nected between the gate and source of the power MOS- 
FET 1 0 as in the case of the seventh embodiment shown 
in Fig.7. Obviously, the compounded power MOSFET 80 
has a negative drain withstand voltage against the erro- 

55 neous reverse connection of the battery 82, and the bat- 
tery drive system will never be broken based on this 
reverse battery protection function. 

It is possible to assemble the compounded power 
MOSFET chip, which incorporates the series diodes 
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171, and the diode 131 in the same package, thereby 
making a 3-terminal compounded power MOSFET. 
Moreover, it is possible for the battery drive system with 
reverse battery protection function of this embodiment to 
be packaged compactly based on the conventional fab- 
rication process of vertical power MOSFETs and by use 
of multiple chips or less externally-connected parts. The 
resistor 14 connected to the gate may be eliminated if 
the externally-connected diode 131 has a large forward 
resistance comparable to the resistor 14. 

According to this invention, as described above, a 
compounded power MOSFET having a negative gate 
protection circuit is formed in the usual MOSFET struc- 
ture, with its source and body being connected together, 
whereby it can have a negative drain withstand voltage 
without the need of external switching control for the 
body potential depending on the relation of source-drain 
voltage and, in addition, the miniaturization of device for 
the sake of reducing the on-state resistance is made pos- 
sible. 

Moreover, the inventive compounded power MOS- 
FET can be configured to be a 3-terminal device, and it 
can be used in the same manner as a conventional uni- 
tary power MOSFET. 

In addition, this compounded power MOSFET hav- 
ing a negative withstand voltage by itself can be used to 
build a battery drive system with reverse battery protec- 
tion function, which protects the device from breakage in 
the event of the erroneous reverse connection of the bat- 
tery between the drain and source, without the need of 
provision of an externally-connected protective circuit 
including a diode or the like for the sake of ensuring the 
withstand voltage. Consequently, it becomes possible to 
build an electronic switch having a very low resistance 
and without a power loss that would be created by the 
forward voltage drop of the diode added for providing the 
withstand voltage. 

While preferred embodiments of the compounded 
power MOSFET based on the present invention have 
been described, the invention is not confined to these 
embodiments, but various design alterations are possi- 
ble obviously without departing from the spirit of the 
invention. For example, although the foregoing embodi- 
ments are n-channel compounded power MOSFETs, it 
is obviously possible to accomplish p-channel com- 
pounded power MOSFETs by changing the polarity rela- 
tionship. 

Claims 

1 . A compounded power MOSFET comprising a first 
MOSFET and a second MOSFET, with the drains of 
the MOSFETs being connected together, with the 
source of the first MOSFET being used for the 
source terminal, with the source of the second MOS- 
FET being used for the drain terminal, and with the 
gate of the first MOSFET being used for the gate 
terminal of the compounded power MOSFET, char- 
acterized in that said compounded power MOSFET 



includes means of negative voltage drive which 
turns off the second MOSFET during the period 
when the voltage of the drain terminal is negative 
relative to the voltage of the source terminal, and 
5 means of input voltage transmission which blocks a 
current flowing from the drain terminal to the gate 
terminal by way of said negative voltage drive means 
and turns on the second MOSFET in response to 
the input voltage signal applied to the gate terminal. 

w 

2. A compounded power MOSFET according to claim 

1 , wherein said negative voltage drive means com- 
prises detection means for detecting that the voltage 
of the drain terminal is negative relative to the volt- 

is age of the source terminal and a third MOSFET 
which drives the second MOSFET to turn off in 
response to the output of said detection means. 

3. A compounded power MOSFET according to claim 
20 2, wherein said detection means comprises a series 

circuit of a first and second resistors connected 
between the drain terminal and the drain of the sec- 
ond MOSFET, with the node of said first and second 
resistors being connected to the gate of the third 
25 MOSFET. 

4. A compounded power MOSFET according to claim 

2, wherein said detection means comprises a circuit 
which connects the gate of the third MOSFET to the 

30 drain of the second MOSFET. 

5. A compounded power MOSFET according to claim 
2, wherein said detection means comprises a third 
resistor connected between the drain terminal and 

35 the drain of the second MOSFET and at least one 
diode, said third resistor being connected between 
the drain of the second MOSFET and the gate of the 
third MOSFET, said diode being connected between 
the gate and source of the third MOSFET 

40 

6. A compounded power MOSFET according to claim 
5, wherein said third resistor has its resistance value 
set to zero. 

45 7. A compounded power MOSFET according to claim 
2, wherein said detection means comprises a first 
and second series circuits, each of which is a serial 
connection of a resistor and at least one diode, said 
first and second series circuits being connected in 

so series between the drain terminal and the source 
terminal, with the node of said first and second 
series circuits being connected to the gate of the 
third MOSFET. 

55 8. A compounded power MOSFET according to claim 
7, wherein said resistors of said first and second 
series circuits have their resistance values set to 
zero. 
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9. A compounded power MOSFET according to claim 

1, wherein said input voltage transmission means 
comprises a series circuit which includes a resistor 
and at least one diode for blocking a current flowing 
from the drain terminal to the gate terminal by way 
of said negative voltage drive means, said series cir- 
cuit being connected between the gate terminal and 
the gate of the second MOSFET. 

1 0. A compounded power MOSFET according to claim 

2, wherein said input voltage transmission means 
comprises a resistor connected between the gate 
terminal and the gate of the second MOSFET and 
at least one diode connected between said resistor 
and the drain of the third MOSFET for blocking a cur- 
rent flowing from the drain terminal to the gate ter- 
minal by way of said negative voltage drive means. 

1 1 . A compounded power MOSFET according to claim 

I , wherein said negative voltage drive means com- 
prises detection means for detecting that the voltage 
of the drain terminal is negative relative to the volt- 
age of the source terminal and a first switch means 
which drives the second MOSFET to turn off in 
response to the output of said detection means. 

12. A compounded power MOSFET according to claim 

I I , wherein said detection means comprises a first 
and second series circuits, each of which is a serial 
connection of a resistor and at least one diode, said 
first and second series circuits being connected in 
series between the drain terminal and the source 
terminal, with the node of said first and second 
series circuits being connected to the gate of said 
first switch means. 

13. A compounded power MOSFET according to claim 
12, wherein said resistors of said first and second 
series circuits have their resistance values set to 
zero. 

14. A compounded power MOSFET according to claim 
11, wherein said first switch means comprises a 
fourth and fifth MOSFETs having their sources con- 
nected together, with the drain of the fourth MOS- 
FET being connected to the gate of the second 
MOSFET, with the drain of the fifth MOSFET being 
connected to the drain terminal, and with the gates 
of the fourth and fifth MOSFETs being connected to 
said detection means. 

1 5. A compounded power MOSFET according to claim 
1 1 , further including a second switch means which 
operates to turn on in response to the application of 
a positive voltage to the drain terminal thereby to 
turn off said first switch means. 

16. A compounded power MOSFET according to claim 
15, wherein said second switch means is connected 



between the drain and gate of the fourth MOSFET 
and is made up of a sixth and seventh MOSFETs 
having their sources connected together and their 
gates connected together and connected to the 
5 drain terminal. 

17. A compounded power MOSFET according to claim 
1, wherein the second MOSFET has its threshold 
value set lower than the threshold value of the first 

w MOSFET 

18. A compounded power MOSFET according to claim 

1, wherein the second MOSFET has its drain-to- 
source withstand voltage set lower than the drain- 
is to-source withstand voltage of the first MOSFET. 

19. A compounded power MOSFET according to claim 

2, further including gate protection diodes each con- 
nected between the gate and source of the first, sec- 

20 ond and third MOSFETs. 

20. A compounded power MOSFET according to claim 
1, further including at least one diode connected 
between the gate terminal and the source terminal 

25 for clamping a falling voltage of the gate terminal in 
case a negative voltage is applied to the drain ter- 
minal. 

21. A compounded power MOSFET according to claim 
30 1, further including an overheat protection circuit 

which comprises a temperature detection device for 
detecting the temperature of the first MOSFET and 
a circuit for limiting the drain current of the first MOS- 
FET when the detected temperature has reached a 
35 prescribed temperature. 

22. A compounded power MOSFET according to claim 
1, further including an overcurrent protection circuit 
which comprises a current detection circuit for 

40 detecting the drain current of the first MOSFET and 
a circuit for limiting the gate voltage of the first MOS- 
FET so that the drain current does not exceed a pre- 
scribed current. 

45 23. A compounded power MOSFET according to claim 
1, further including an overvoltage protection circuit 
which turns on the first MOSFET if the voltage of the 
drain terminal reaches a prescribed voltage so that 
the drain terminal voltage does not exceed the pre- 

so scribed voltage. 

24. A compounded power MOSFET according to claim 
1, wherein the first and second MOSFETs are 
formed of vertical MOSFETs which share a drain 

55 substrate. 

25. A compounded power MOSFET according to claim 
24, wherein said diodes and said resistors are 
formed of polycrystalline silicon layers and formed 
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on the same semiconductor chip as of the MOS- 
FETs. 

26. A compounded power MOSFET according to claim 
24, wherein an n-type diffusion layer, which is s 
deeper than a p-type diffusion layer for the body of 
the first MOSFET, is formed between the first MOS- 
FET and the second MOSFET 

27. A compounded power MOSFET according to claim 10 
24, wherein an n-type diffusion layer, which is shal- 
lower than a p-type diffusion layer for the body of the 
first MOSFET, and a field plate having its potential 

set equal to that of said shallow n-type diffusion layer 
are formed between the first MOSFET and the sec- is 
ond MOSFET. 

28. A compounded power MOSFET according to claim 
24, wherein the impurity concentration of the drain 
region beneath the second MOSFET is higher than 20 
the impurity concentration of the drain region 
beneath the first MOSFET. 

29. A compounded power MOSFET according to claim 

28, wherein said temperature detection device is 25 
formed on the active region which is adjacent to the 
pad for the source terminal of the first MOSFET. 

30. A compounded power MOSFET according to claim 

29, wherein said current detection circuit is formed 30 
on the same semiconductor chip. 

31. A compounded power MOSFET according to claim 
24, wherein a pad for the source terminal is formed 

on the active region of the first MOSFET and a pad 35 
for the drain terminal is formed on the active region 
of the second MOSFET. 

32. A compounded power MOSFET according to claim 

24, wherein a semiconductor chip, on which a com- 40 
pounded power MOSFET according to claim 24 is 
formed, is accommodated in a package having a 
lead line for the gate terminal on a side of the sem- 
iconductor chip different from the side of the semi- 
conductor chip where lead lines for the source 45 
terminal and drain terminal are disposed adjacently. 

33. A compounded power MOSFET according to claim 
24, wherein said semiconductor chip is accommo- 
dated in a package having a metallic layer for short- so 
circuiting the drains of the first and second MOS- 
FETs. 

34. A compounded power MOSFET according to claim 

33, wherein said compounded power MOSFET is 55 
accommodated in a package having said metallic 
layer which is connected to a heat sink fin. 



35. A battery drive system with reverse battery protec- 
tion function including a compounded power MOS- 
FET according to claim 1, with a gate drive circuit 
being connected to the gate terminal of said com- 
pounded power MOSFET, and with a battery and a 
load being connected between the drain terminal 
and source terminal of said compounded power 
MOSFET. 
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0 : Source terminal 

1 : Gate terminal 

2 : Drain terminal 

10 : Power MOSFET 

1 1 : Power MOSFET 

50 : Voltage comparator 

51 : Voltage transmitter 
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FIG.5 
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FIG. 10 
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FIG.11 
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FIG.12 
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FIG.13 
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FIG.14 
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FIG. 16 
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(54) Compounded power MOSFET 

(57) Provided is a compounded power MOSFET 
which has a high positive and negative withstand volt- 
ages for the drain terminal relative to the source termi- 
nal, and can be formed on a single chip based on the 
conventional fabrication process of power MOSFETs. 

Power MOSFETs 10 and 1 1 have their drains con- 
nected together, the MOSFET 10 has its source and 
gate used for the source terminal 0 and gate terminal 1 , 
respectively, of the compounded power MOSFET 60, 
and the MOSFET 1 1 has its source used for the drain 
terminal 2. The compounded power MOSFET includes 
a voltage comparator 50 which drives the MOSFET 1 1 
to turn off when the terminal 2 has a negative voltage, 
and a voltage transmitter 51 which is connected 
between the terminal 1 and the gate of the MOSFET 1 1 
to block a current flowing from the terminal 2 to the ter- 
minal 1 by way of the circuit 50 and transfer the voltage 
of the terminal 1 to the gate of the MOSFET 11. The 
positive withstand voltage is provided by the MOSFET 
10, and the negative withstand voltage is provided by 
the MOSFET 11. 
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0 : Source terminal 
1 : Gate terminal 
2 : Drain terminal 
10: Power MOSFET 
1 1 : Power MOSFET 

50 : Voltage comparator 

51 : Voltage transmitter 
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